We propose in this paper a methodology based on the vector error correction (VCE) model. This modeling approach makes it possible to use a large database to model the impact of agricultural mechanization on cropland in Benin. The results of the VEC model estimates confirm a positive relationship between agricultural mechanization and the areas planted of paddy rice, millet and yams. Moreover, the findings suggest that agricultural mechanization is still far to boost the land uses of cotton, maize and cassava, despite the importance of cotton in the Beninese economy on the one hand, and the key roles of maize and cassava in diet in Benin, on the other hand. Agricultural mechanization is far from being a reality in Benin's agricultural sector to the extent that public agricultural investments are below the Maputo agreements (Note 1). An effective agricultural mechanization must opt for cereals whose investments in agricultural machinery are less expensive compared to cotton. This strategy of agricultural mechanization makes it possible to better ensure food security, unlike the intensive cotton production, whose terms of trade are always unfavorable and dependent on subsidies from the North.
Introduction
In Benin, the agricultural sector occupies more than 85% of the active population and contributes 79% to the gross domestic product (GDP) in 2015, while this contribution amounted to 59% over the period [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . In addition, agriculture accounts for more than 90% of export earnings (MAEP, 2015) . The main crops produced are cereals and cotton. Cotton that is the main cash crop, contributed up to 2007 to 80% of export earnings (Note 2). The most important food crops are maize, millet, sorghum, cassava, yam and cowpea. At the same time, these food crops represent Benin's consumption habits. The challenges of agricultural production remain significant, because only 40% of the arable land is cultivated and the productivity levels are still low. The growth rate in the agricultural sector was 4.58% between 1980 and 1989 , 5.1% between 1990 and 2005 and 4.3% between 2006 and 2009 The Beninese agriculture is characterized by the use of traditional tools (daba, machete and other hand tools). The operations are 76% manual, 23% with animal traction and only 1% is motorized (PPMA, 2015) . In addition, barely half of the agricultural products are covered by adequate transport services. Similarly, post-harvest facilities (storage, conservation, processing and marketing) remain rudimentary. In this context, the government set up in 2009 the Agricultural Mechanization Promotion Program (PPMA). This was within the framework of the vision expressed in the Strategic Development Objectives (OSD): "To make Benin, a dynamic agricultural power by 2015, competitive, attractive, respecting the environment, creating wealth meeting the socio-economic development needs of the population". To achieve this, the Ministry of Agriculture, Livestock and Fisheries (MAEP) has developed a national strategy of agricultural mechanization which aims to achieve a mechanization of 20% of land use by 2015 through public-private partnership. This is why the PPMA was set up in 2009. A program that has made it possible today to acquire 450 tractors, 550 tractor plows, 100 3-tonne agricultural trailers, 124 5-tonne agricultural trailers and 250 tillers.
Despite the efforts of agricultural mechanization in Benin, paddy rice production systems are largely dominated by small family-type farms. In addition to this family-owned rice cultivation, there are developed areas with partial or total water control. The majority of the paddy rice farms are concentrated in the lowland either developed or not. However, paddy rice is grown in plateaus and floodplains, especially with the advent of NERICA varieties. On the strength of these investments in agricultural mechanization, statistics from the MAEP (2014) show that the rate of manual plowing and plowing operations amounted to 84%, 12% and 4% for motorized and animal traction, respectively. This motorization is mainly practiced on the irrigated perimeters with collective management of Dé vé (150 ha), Koussin-Lé lé (250 ha) and Malanville (560 ha).
But since 2009, Benin through the PPMA has invested on its own funds tens of billions of CFA for the promotion of agricultural mechanization through the importation of several hundreds of tractors, tillers with their accessories (plows, mowers, trailers), and about ten harvesters. Cereals and pulses recorded increases in both land uses and production. However, for cereals, the land use and production of paddy rice, compared to those of 2014, decreased by 3.98% and 2.56%, respectively. Compared with the average of the last five years, this same crop has achieved a rise of 28.45% in the area planted and 35.23% for production. We also note that for legumes, peanuts recorded a 2.99% and 3.62% decrease in land use and production compared to 2014, respectively (ONASA, 2016) . Mechanization has the potential to increase production, improve timing of operations, expand energy application to improve crop processing, irrigation and infrastructure, offset shortages and labor-saving, which is particularly important when the aging and feminizing workforce continues to use mainly the manual hoe for primary cultivation.
Despite these perceived benefits and the fact that animals were largely replaced by tractors in the United States and Western Europe in the 1950s there were still advanced arguments to urge caution in the developing world (FAO, 2008) . The main concern in this article is the effect of mechanization on agricultural land uses in Benin. What are the lands uses that benefit from mechanical innovations in Benin?
Theoretical and Empirical Literature Review
The mechanization of production is ultimately based on economic criteria and is part of the economic revolution of agricultural trade. Thus, it can be argued that the accelerated mechanization of agriculture is transforming the economic structure of the industry, as well as the particular agricultural units that make it up. Therefore, mechanization plays a key role in the agricultural regrouping. The farmer can indeed, equipped with modern equipment, work alone on large surfaces. In addition, many already highly mechanized farmers will find that they can, with their current equipment, cultivate a large area. It is postulated, moreover, that mechanization acts as a fundamental determinant of the increase in agricultural land use. The answer depends on the validity of two hypotheses: a) farmers (especially the small ones) are forced to abandon their farm, because the mechanization is no longer profitable on a small scale; (b) although farmers who immobilize funds to acquire a whole range of machines cannot do otherwise than to mechanize themselves to excess and are therefore obliged to enlarge their production base in order to extract from their machines an efficient level of output. These two hypotheses are far from being verified. These two hypotheses are based on a double premise: first, the machines being relatively massive, they cannot always be proportionate to the arable surface of the farm. Secondly, modern machines tend to combine several spots into one, which is more and more important, rather than just mechanizing such a particular task. Consequently, in order to make farming methods effective, with a small staff, it is necessary to bring the required machines at great expense. It may be well thought that these pressures are being felt by farmers on very small farms and are pushing farmers to expand their farms or close their businesses, but it is hard to believe that these problems are found on farms covering up to 640 acres, many of which have been amalgamated on the prairies.
In its broadest sense, mechanization is the set of tools and machines that can be used in manual, hitched, or motorized cultivation for all operations from clearing and land management to processing (Brordet et al., 1988) . More specifically, mechanizing agriculture means using machinery and using more energy, especially to increase labor productivity and, often, to achieve results that are out of proportion to the results of this work (FAO/UNIDO, 2008).
Agricultural machinery refers to the various machines used in agriculture (tractors, combine harvesters, etc.), as well as, by extension, all the political, economic or industrial doctrines aimed at developing the use of these machines to replace the labor and/or to increase agricultural productivity. According to the FAO, (2008) , agricultural mechanization in the broad sense can be defined as all agricultural equipment used for agricultural purposes: -off the farm and in this case it includes all agricultural work development and production from tillage to harvesting, both on-farm and in all the technology for animal production and primary processing of agricultural products. According to the FAO (2014), the mechanization of agriculture has made it possible to extend cultivable areas and increase yields, essentially improving the precision of farming techniques. In fact, most farmers in developing countries spend more, every year, on energy inputs, fertilizers, seeds or agrochemicals. According to Yurdakul (1994) , there are three indicators for measuring the level of agricultural mechanization in a country: (i) traction power per ha; (ii) the number of tractors per 1000 ha; (iii) the SAU per tractor. FAO (2014) summarizes the main reasons for replacing, for crop production, muscle energy (human or animal) by tractors: (i) the possibility of extending the cultivated area; (ii) the ability to perform the operations at the right time to maximize production potential; (iii) the multifunctional characteristics of mechanization, as tractors can be used not only for agricultural production, but also for stationary transport and feeding, as well as for the improvement of infrastructure (irrigation and drainage canals and road works); (iv) mechanization can compensate for seasonal labor shortages (or, indeed, free labor for more productive work), and (v) mechanization reduces the arduousness associated with the use of human muscular strength for difficult tasks such as hoeing by hand for the first plowing. This is particularly important in tropical regions, where high temperatures and high humidity (possibly associated with inadequate feeding) make manual work extremely difficult.
The strategic problem that the farmer must solve is the adjustment of needs-production income. Thus, in traditional agriculture, where most of the food needs are met by self-production, the question of the increase of production is acute. In this sense, mechanization (animal traction and/or tractors), encouraged by the need to cultivate large areas in the face of ever-increasing food needs and low yields, has become unavoidable. Well introduced and accepted, it has made it possible, according to Campagne (1989) , to develop forms of crop-livestock association favoring yield improvement by the transformation of manure techniques. Agriculture must move towards new alternatives to meet the different demands. Thus, cultural intensification becomes a necessity and one of the main alternatives is to mechanize (Campagne, 1989) . The work of Havard et al. (1988) shows that agricultural mechanization is essential to increase production but also productivity. This agricultural mechanization requires the necessary investments to maintain the level of mechanization. Taking the number of four-wheeled tractors as an indicator of the progress of mechanization, FAO (2008) reports the following trends over the last 40 years: in Asia, the number of tractors increased five-fold between 1961 and 1970 from 120,000 to 600,000 units. Later, the number has increased tenfold to reach 6 million units in 2000. Since then, these figures have continued to increase, especially in India, which had 2.6 million tractors in 2010 -FAO (2013a) -and China, which exceeded 2 million units in -FAO (2013b ; in Latin America and the Caribbean, the number of tractors was multiplied by 1.7 between 1961 and 1970, from 383 000 to 637 000 units, then tripled to 1.8 million units in 2000; in the Near East, the situation is similar to that of Latin America, with the number of tractors having doubled from 126 000 to 260 000 units between 1961 and 1970, before being multiplied by 6.5 to 1, 7 million units in 2000; in sub-Saharan Africa, the trend has been quite different. In 1961, the number of tractors used was higher than in Asia and the Near East (172,000 units). Later, their number slowly increased to a peak of 275,000 units in 1990, before falling back to 221,000 units in 2000. Despite this adoption of agricultural mechanization in some parts of the world, concerns remain mainly about the surge in world population (now at 7.31 billion) is well on track to reach 9 billion in 2050 and to exceed 11 billion by the end of the century.
The 500 million small farms in the world currently produce about 80% of our food and they will have to bear the brunt of the necessary increase of more than 60% of the food production that will have to be realized in 2050 compared to the levels of 2007 (FAO, 2011) . Currently, many of these small farms have limited access to production inputs, including mechanization, and thus achieve low levels of productivity. They also have fewer opportunities to access markets to take advantage of the many value-added activities that more developed food systems can provide. At the same time, the rural population is expected to decline as people, especially healthy young people, migrate to urban centers in search of a life less hard than agriculture can offer; there is also a growing feminization of peasant agriculture, particularly in sub-Saharan Africa, with farm control being increasingly left to women. The potential of rural mechanization for women in rural areas and the development of local economies are often underestimated. Currently, half of the population in developing countries is working in the rural sector, a figure that is expected to fall to 30% in 2050. Given the current importance of human muscle energy in small farms, the consequences of the limits of this type of energy are severe (Sims and Kienzle, 2015) . The adoption of agricultural mechanization has led to an increase in smallholder productivity that must be achieved in a sustainable way, as the story of the Green Revolution (GR) model tells us. By the 1950s and throughout the 1960s, GR caused changes in crop species and agricultural practices worldwide (Royal Society, 2009 ). The production model, initially focused on introducing high-yielding varieties of wheat, rice and maize into high-potential regions (Hazell 2008 , Gollin et al. 2005 , had as aim homogeneity: the choice was made of varieties with genetic uniformity, cultivated with large volumes of complementary inputs in various forms (irrigation, fertilizers and pesticides), which often replaced more ecological practices. Fertilizer use replaced soil quality management, while herbicides offered an alternative to crop rotations for weeds, pests and diseases (Tilmann, 1998) . Havard et al. (1988) note that for decades, mechanization has been part of agricultural policies. The author concludes that a timid intensification did not have a major effect on rain-fed cereal crops. Downing attempted to determine the extent to which the use of machinery had contributed to improved crop yields. Among cereals, he concludes, it is probably oats that have benefited the most from the benefits of mechanization. The improvement of potato crops would be directly related to the adoption of new machines allowing a better use of the fertilizer and the improvement of the equipment of plowing, planting and harvesting.
The empirical review concludes that the adoption of new and improved machines and the new operations made possible have resulted in a more productive agriculture. Agriculture was formerly only a profession characterized by the heavy and heavy foot of the horse pulling its cart and whose pace and pace were almost entirely governed by climatic and biological considerations; today it can hear that it has changed its physiognomy. The modern farmer controls a series of quasi-industrial operations and uses vast sources of mechanical energy and all kinds of machines to accomplish these operations quickly, without depending too much on weather and climatic conditions.
Data Sources and VAR Model Specification

Data Sources
The paper makes use of secondary data. These data come mainly from the FAO statistical sources and cover the period from 1961 to 2016. These data relate to the number of agricultural tractors and the areas planted for the different crops in Benin. The variables used in this article are: the number of agricultural tractors (lntracg). This variable represents agricultural mechanization and explains the adoption of tractors by producers in Benin. The land uses of cotton (lnsupcot), maize (lnsupma), cassava (lnsupmc), millet (lnsupmils), paddy rice (lnsupriz) and yam (lnsupigm) are chosen in this article to the extent to which the production of these crops play a decisive role in the economy, especially cotton, which is the second source of foreign exchange on the one hand, and the others contribute enormously to diet and food security. We postulate in this article that an increase in the number of tractor is likely to induce increase in areas planted. 
Econometric Estimates and Policy Implications
For reasons specific to the size of the data, the maximum lag is fixed at 7. Above 7, the estimates could suffer from a lack of precision. For each value of p ranging from 1 to 7, the following model is estimated: Then the values of the information criteria are calculated. The results are presented in Tables 2 and 3 . Two information criteria (AIC and SC) give the optimal lag of 2. The SC and AIC criteria lead to convergent estimators of p whereas the AIC criterion gives an efficient estimator of p. The value used is = 2 because of the length of our series. The search for the number of cointegrating relations was made according to Johansen's approach. The test was carried out with specification 1) that is to neither say, the model without constant neither in the ECM nor in the long term relation, do the series not present a trend. The test is carried out with a lag of 1.
The results are presented in Table 4 . The trace test indicates the presence of a cointegration relationship at the 1% level of significance and two relations at the 5% significance level. As for the test of the maximum eigenvalue, it indicates the existence of a cointegration relation at 1% and at 5%. The VAR representation is no longer valid; an error-correction model is then used.
In this context, Johansen and Juselius test various hypotheses. First, they present two tests concerning the dimension of the cointegration subspace (test of the trace and test of the maximum eigenvalue). On the other hand, they consider the hypothesis 0 : = 0 , which means that the model is written in fact:
That is, the constant actually occurs in cointegration relations, and not in the form of a deterministic trend. Finally, they present linear restriction tests on and , allowing in particular to test if the hypotheses of long-term relations resulting from economic theory are compatible with the results. This method is currently experiencing significant success. It has the advantage of being fairly simple to implement, whether in the estimation or testing procedure Juselius (1990 Juselius ( , 1991a and Johansen and Juselius (1988 , 1990 , 1991 . The results in Table 2 show that all the ADF statistics are lower than the critical statistics of the different thresholds, that after the first differentiation they are thus integrated of order one (I (1)). So we can conclude that there may be a cointegration relationship. For the verification of cointegration, the optimal lag that minimizes the information criteria of AIC (p) and SC (p) are provided in Table 3 . This number is equal to one for the variables in this article.
The results of the Granger causality test in Table 5 in first difference indicate whether the addition of one of the seven variables improves the forecast of the number of agricultural tractors, which relies solely on the past evolution of the latter. If this is the case the variable in question includes information on the number of future agricultural tractors. Variables with first difference were used with a maximum lag of 2 years. The hypothesis tested is that of a non-causality of Granger. The rejection of the hypothesis tested is marked with an asterisk. One, two or three asterisks mean that the hypothesis tested is rejected with a significance level of 10%, 5% and 1%, respectively. The test takes place in pairs of variables and without taking into account possible cointegration relationships. The number of agricultural tractors (lntracg) causes the land use of millet (lnsupriz), paddy rice (lnsupriz), and yam. We note that there is no causal relationship between the number of agricultural tractors (lntracg) and land uses of cotton, maize and cassava. The direction of causality between the number of agricultural tractors and land use of yam over the period from 1961 to 2016 is not bidirectional. This result is explained by the major role played by yam production in Benin's diet. Agricultural mechanization seems to be used for the production of yam, which looks more profitable than cotton. The number of agricultural tractors does not cause the area planted of maize and cassava, as both crops are produced on almost all land with rudimentary tools. Table 6 shows a strong correlation between the areas planted of paddy rice, millet, yams and the number of agricultural tractors. On the other hand, there is a weak relationship between the areas planted of cotton, maize, cassava and the number of agricultural tractors. These surprising results indicate that the sown areas of cotton, maize and cassava seem not to benefit from mechanical innovations in Benin. Despite this lack of agricultural mechanization, there are strong relationships between the areas of cotton, maize and cassava. This last result seems to indicate the effects of crop rotations. Table 6 . Correlation matrix The estimation results include the estimation of the cointegration vector, i.e. the long-term relationship, and the estimation of the coefficients of the adjustment or short-term equations. These results are shown in Table 7 . The coefficients for the areas planted of cotton (lsupcot), maize (lnsupma) and cassava (lnsupmc) are not significant at the 5% threshold in the long-run relationship, and the Student's statistic is -0.645. The other coefficients are significant, the areas planted of millet (lnsupmils), paddy rice (lnsupriz) and yam (lnsupigm). These areas planted have positive and significant coefficients, they are worth respectively: 0.1356; 0.4297 and 0.5885. Thus, over the long run, an increase in the area planted of millet (lnsupmils), paddy rice (lnsupriz) and yam (lnsupigm) by 10 points leads to an increase of 1.356, 4.297 and 5.885, respectively in agricultural tractors, ceteris paribus.
In Table 8 CointEq1 denotes the vector associated with the cointegration relation containing coefficients of the error correction terms. Its coefficients translate the speed of adjustment from the short run towards the long-run equilibrium. The coefficients of the restoring forces relating to the number of agricultural tractors (lntracg) and the land uses of cotton (lnsupcot), maize (lnsupma) and cassava (lnsupmc) are positive, these results which may seem surprising insofar as in Benin, cotton benefits more from material and financial state support on the one hand and the backward effects of cotton are captured by maize and cassava on the other hand. The other coefficients of return to long-run equilibrium are negative, which reflects a return to the long-term equilibrium. Short-term dynamics show that the number of agricultural tractors is influenced by one-year and two-years lagged paddy area, with respective elasticities of -0.27 and -0.21. Similarly, this short-term dynamics also indicates that the number of agricultural tractors is influenced by one-year and two-years lagged milled land use, with elasticities of -0.34 and -0.09. Finally, this same short-term dynamic also shows that the number of agricultural tractors impacts one-year and two-years lagged yams land use, with respective elasticities of -0.9 and -0.47. This short-term dynamic is confirmed by the Granger causality tests (Table 5) .
The error correction model used to measure the impact of the number of agricultural tractors on the areas planted of cotton (lnsupcot), maize (lnsupma), cassava (lnsupmc), millet (lnsupmils), paddy rice (lnsupriz) and yam (lnsupigm) in Benin during the period from 1961 to 2016 show a weak causal structure between the different areas planted. At the significance level of 5%, there is basically no causal relationship between the areas planted of cotton (lnsupcot), maize (lnsupma), cassava (lnsupmc) and the number of tractors. These surprising results show that although cotton contributes more to the formation of agricultural growth in Benin, agricultural mechanization remains far from being a reality. The problem of adopting agricultural mechanical innovations is acute. Vol. 7, No. 4; 2018 
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Moreover, the hypothesis of a transfer of labor from agriculture to the industrial sector is difficult to observe in Benin. On the one hand, the industrial sector is not structurally able to absorb the underemployed labor force in the agricultural sector. On the other hand, this workforce is not sufficiently qualified. The transfer of labor is then to the informal sector with the phenomenon of rural exodus. In recent years, there has been a growing trend of the informal sector in the Beninese economy with the proximity of Nigeria. Agricultural mechanization, by its expansion, can induce sustainable agricultural growth, reduce poverty, unemployment, rural exodus and improve food security. Agricultural mechanization can also lead to the development of other sectors such as agribusiness, tourism and trade. Since the independence in 1960, the Beninese government has always put agriculture at the epicenter of economic development. During the five-year plans, Beninese farmers were not in some way accompanied by mechanization. The government is still advocating for the valorization of agricultural sectors. Although Beninese agriculture is family-oriented, it does not even benefit from small mechanization. The income derived from this family farming is not meant to finance the development of the industrial sector, more able to set up real conditions for economic development, and at the same time, the share of the agricultural sector in the GDP was doomed to decline as theories of development predict. The reasons given in the literature point to many problems, including the mismanagement of agricultural investments.
Conclusion
The objective of this article was to evaluate the impact of agricultural mechanization on land uses in Benin. Agricultural mechanization in Benin is far from being effective. Despite the fact that cotton production benefits from numerous physical and financial support from the State, this production seems not to have actually benefited from effective agricultural mechanization. The cotton sub-sector has always been at the center of Benin's economic policy. This agricultural sub-sector has undergone changes throughout Benin's history, with since 1990 a redefinition of the roles played by the various actors in this agricultural sub-sector that has never led to mechanization. This agricultural subsector is still slow to have a ripple effect in order to start a real economic take-off because of the real non-existence of mechanization. Estimates using data on the number of agricultural tractors and areas planted of cotton, maize, cassava, paddy rice, millet and yams in Benin show that there is a long-run relationship only between the number of agricultural machinery and the areas planted of paddy rice, millet and yams. Thus, agricultural mechanization in Benin has evolved in certain stability at the level of agricultural policy. This long-term relationship shows that an increase in the area planted of cotton, maize and cassava leads to a drop in the number of agricultural tractors. Estimates also show that the development of agricultural mechanization has not caused the land uses of cotton, maize and cassava. These results can be explained on the one hand by the traditional character of agricultural activity in Benin, the agricultural sector is still slow to modernize completely. On the other hand, the agricultural economy is still relatively disjointed. We could add external factors. The producers are price takers on the world market, so there is a risk of losses linked to the drop in commodity prices, as was the case in the early 1980s. These various results lead to a few recommendations: Strengthen the link between agricultural mechanization and sustainable agriculture. This reinforcement can be effective if and only if substantial agricultural public investments are spent in agriculture accompanied by training and adequate research in order to boost a sustainable green revolution. Economic theory shows this necessity and many empirical examples provide an illustration. For the Beninese authorities, many measures are needed: there is a need to promote greater local processing of commodities. This proposal is not original, it has been mentioned for decades in Benin's economic analyzes. The transformation of commodities adds more value to the products, and thus increases the wealth created. At the same time, there is job creation. The export of raw commodities contributes to the deterioration of the terms of trade. The food industry is one of the industries using agricultural products. Food imports have greatly increased in Benin. Incentives must be put in place to allow the development of local agro-industries using raw materials from the agricultural sector. With the boom of agribusiness, the demand structure for agriculture would be modified so that the agricultural sector would serve as an upstream sector for other sectors.
